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(54) Method for affixing spacers within a flat panel display 



(57) A method for affixing a plurality of spacers 
(102) within a field emission display (160) is disclosed. 
The method includes the steps of: (i) providing a plural- 
ity of members (104). (ti) coating an edge (106) of each 
of the plurality of members (104) with a metal to provide 
a bonding layer (108), (iii) forming a metallic bonding 
pad (132) on the inner surface of an anode (120) to pro- 
vide a modified anode (130), (iv) affixing a plurality of 



metallic compliant members (1 12) to the bonding layer 
(108) by using ball bonding techniques, and (v) affixing 
the metallic compliant members (112) to the metallic 
bonding pad (132), while positioning the spacer (102) 
perpendicularly with respect to the modified anode 
(1 30), by using thermocompression metal bonding tech- 
niques. 
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Description 

Field of the Invention 

The present invention pertains to a method for pro- s 
viding- spacers in a flat panel display and more specif i- 
^lly to a method for using metal-to-metai bonding to 
-affix spacers to a display plate of a flat panel display. 

•-^Backgroun*;* of the invention io 

Spacers for flat panel displays, such as field emis- 
'^sion displays, are known in the art. A field emission dis- 
play includes an envelope structure having an 
'^evacuated interspace region between two display is 
plates. Electrons travel across the interspace region 
from a cathode plate (also known as a cathode or back 
plate), upon which electron-emitter structures, such as 
Spindt tips, are fabricated, to an anode plate (also 
known as an anode or face plate), which includes 20 
-deposits of light-emitting materials, or "phosphors". Typ- 
''ically. the pressure within the evacuated interspace 
Region between the cathode and anode plates is on the 
^order of 10'^ Ton*. 

The cathode plate and anode plate are thin in order zs 
Ho provide low display weight. If the display area is small, 
'^such as in a r diagonal display, and a typical sheet of 
^glass having a thickness of about 0.04" is utilized for the 
plates, the display will not collapse or bow significantly. 
However, as the display area increases, the thin plates 30 
are not sufficient to withstand the pressure differential in 
order to prevent collapse or bowing upon evacuation of 
the interspace region. For example, a screen having a 
30" diagonal will have several tons of atmospheric force 
exerted upon it. As a result of this tremendous pressure, 35 
spacers play an essential role in large area, light-weight 
displays. Spacers are structures being incorporated 
between the anode and the cathode plate. The spacers, 
in conjunction with the thin, lightweight, plates, support 
the atmospheric pressure, allowing the display area to 40 
be inaeased with little or no increase in plate thickness. 

Several schemes have been proposed for providing 
spacers. Some of these schemes include the affixation 
of structural members to the inner surface of one of the 
display plates. In one such prior art scheme, glass rods 45 
or posts are affixed to one of the display plates by apply- 
ing devitrifying solder glass frit to one end of the rod or 
post and bonding the frit to the inner surface of one of 
the display plates. This scheme includes problems such 
as bond brittleness. particulate contamination, smear- so 
ing onto pixels, nonuniformity of spacer height of the frit- 
ted spacer due to initial height variations in the rods or 
posts, and non-perpendicularity due to displacements 
during cooling of the frit. Other proposed schemes for 
bonding spacers onto a display plate include the use of ss 
organic glues. However, organic glues are burned off 
before the package has been sealed and differential 
pressure applied thereby predisposing the spacers to 
being loosened or misplaced within the envelope of the 



display 

Spacers for field emission displays must support 
the differential pressure load reasonably equally among 
the plurality of spacers. Otherwise, unequal load distri- 
bution can cause breakage of spacers or breakage of 
the display plates. This will introduce debris within the 
display or completely destroy the display One of the 
problems inherent in the fabrication of spacers is the 
variation in height of the structural member due to error 
in the processes for fabricating the structural members. 
However, uniformity of the load-bearing spacer height is 
required. A tight tolerance in spacer height is required to 
assure uniform load distribution among the plurality of 
spacers. 

Another problem with prior art schemes for provid- 
ing spacers is the potentially deleterious effect of partic- 
ulate contamination. If the edge of a spacer contacts a 
contaminant particle within the display. loading is con- 
centrated at the point of contact with the particle. This 
results in stress risers in the spacer and possible break- 
age. 

Thus, there exists a need for a method for affixing 
spacers within a flat panel display which can provide 
substantially uniform load distribution among the spac- 
ers, which is compatible with the temperatures of subse- 
quent processing steps, and which is compatible with 
the dean, high vacuum environment within afield emis- 
sion display. 

Brief Description of the Drawings 

Referring to the drawings: 

FIGs. 1 and 2 are isometric views of structures real- 
ized by performing various steps of an embodiment 
of a method for affixing spacers in a flat panel dis- 
play in accordance with the present invention. 
FIGs. 3 and 4 are isometric and cross-sectional 
views, respectively of a standard anode. 
FIG. 5 is an isometric view of an anode realized by 
performing various steps of an embodiment of a 
method for affixing spacers in a flat panel display in 
accordance with the present invention. 
FIG. 6 is a cross-sectional view, similar to FIG. 4. of 
an anode realized by performing various steps of 
another embodiment of a method in accordance 
with the present invention. 
FIG. 7 is an isometric view of a structure realized by 
affixing the structure of FIG. 2 to the structure of 
FIG. 5 by performing various steps of an embodi- 
ment of a method in accordance with the present 
inverttion. 

FIG. 8 is a cross-sectional view of a structure real- 
ized by performing various steps of an embodiment 
of a method Mpon the structure of FIG. 7 in accord- 
ance with the present invention. 
FIG. 9 is a cross-sectional view, similar to FIG. 8. of 
a structure realized by performing various steps of 
another embodiment of a method in accordance 
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with the present invention. 
FIG. 10 is a cross-sectional view, similar to FIG. 8. 
of a structure realized by performing various steps 
of an embodiment of a method upon the structure 
of FIG. 8 in accordance with the present invention. 
FIG. 11 is an isometric view of a structure realized 
by performing various steps of another embodiment 
of a method for affixing spacers in a flat panel dis- 
play in accordance with the present invention. 
FIG. 12 is an isometric view of a structure realized 
by performing various steps of another embodiment 
of a method for affixing spacers in a flat panel dis- 
play in accordance with the present invention. 
FIGs. 13 and 14 are isometric views of structures 
realized by performing various steps of another 
embodiment of a method for affixing spacers in a 
flat panel display in accordance with the present 
invention. 

FIG. 15 Is a cross-sectional view of the structure 
depicted in FIG. 14. 

FIG. 16 is a cross -sectional view of a structure real- 
ized by performing various steps upon the structure 
depicted in FIG. 15 in accordance with the present 
invention. 

FIG. 17 is a cross-sectional view of a structure real- 
ized by performing various steps of another embod- 
iment of a method for affixing spacers in a flat panel 
display in accordance with the present invention. 

Description of the Pretended Embodiment 

Referring now to FIG. 1 , there is depicted an iso- 
metric view of a structure 100 realized by performing 
various steps of a preferred embodiment of a method for 
affixing spacers 102 in a flat panel display in accord- 
ance with the present invention. Structure 100 is made 
by first providing a plurality of members 104. Members 
104 have a substantially uniform height and a length 
within a range of about 1-100 millimeters. The uniform 
height is within a range of 0.1-3 millimeters and 
depends upon the predetermined height between the 
display plates of the flat panel display. Good height uni- 
formity among the plurality of members 104 is desired 
so that uniform loading of spacers 102 can be achieved 
within the flat panel display, but typically there is a vari- 
ation In the height of members 104 within a range of 
about 1-5 micrometers. However, known methods for 
affixing members 104 do not offer enough compliance 
to compensate for the height variability between individ- 
ual members 104; for example, glass spacers attached 
with frit provide only about 0. 1 micrometers of compli- 
ance under the standard loading conditions of a spacer 
within a field emission display. Emtjodiments of a 
method in accordance with the present invention pro- 
vide adequate compliance so that spacer uniformity is 
achieved, for a height tolerance of up to 35 micrometers 
in members 104. Members 104 have a width within a 
range of 25-250 micrometers. The width depends upon 
the dimensions of the space available, such as between 



pixels, for placement of spacers 102. Members 104 are 
made from a dielectric material, which, in the preferred 
embodiment, includes a ceramic. Other suitable dielec- 
tric materials may be used, such as glass-ceramic, 

5 glass, or quartz. In this particular embodiment, a sheet 
of ceramic is cut into pieces, such as ribs, thereby form- 
ing members 104. In the preferred embodiment, spac- 
ers 102 are flat structures; however, in other 
embodiments of a method in accordance with the 

10 present invention, spacers 1 02 have other shapes. The 
cutting can be performed by using one of several avail- 
able precision saws, such as a diamond saw, supplied 
by companies such as Norton and Manufacturing Tech- 
nology, Inc. In the preferred embodiment of the method. 

15 members 1 04 have a height of 1 millimeter, a width of 
0.1 millimeters, and a length of 5 millimeters. These 
dimensions depend upon the predetermined spacing 
between the display plates, the dimensions of the space 
available for spacer placement on the inner surfaces of 

20 the display plates, and the load-bearing requirements of 
each spacer 102. respectively. In the preferred embodi- 
ment, members 104 include a borosilicate-alumina 
material in the form of a tape, having a thickness of 0.1 
millimeters, the tape having been fired and lapped in a 

25 two-sided lapping machine. Such a tape is supplied by 
DuPont, After members 104 are provided, they are 
stacked together so that their lateral surfaces 105 are in 
abutting engagement and so that their edges 106 are 
exposed. Edges 106 of members 104 are then coated 

30 with a suitable metal to provide a bonding layer 108. 
The coating step can be performed by inserting mem- 
bers 104 in a spring-loaded mask fixture, which holds 
members 104 in place and prevents the coating of other 
portions of members 104. other than edges 106. Edges 

35 1 06 are coated by any of a number of standard deposi- 
tion techniques, including vacuum deposition. In this 
particular embodiment, bonding layer 108 is made from 
gold and is 0.3-2 micrometers thick. In other embodi- 
ments of a method in accordance with the present 

40 invention, other metals, such as aluminum, are depos- 
ited on edges 106; the thickness of bonding layer 108 
depends on the type of metal employed and the type of 
metal to which it is subsequently bonded. The metal 
comprising bonding layer 108 must be suitable for form- 
es ing a metal-to- metal bond by one of a number of stand- 
ard methods, such as thermocompression bonding, 
ultrasonic bonding, and thermosonic bonding. Structure 
100 is then separated into individual, coated spacers 
102 by fracturing bonding layer 108 at the locations 

50 which are in registration with lateral surfaces 105. In 
another embodiment of the present method, before the 
step of separating structure 100 into spacers 102. 
opposed edges 109 of mennbers 104 are metallized in a 
similar manner, so that metal-to-metal bonding can be 

55 made at edges 109 as well 

Referring now to FIG. 2 there is depicted an isomet- 
ric view of a structure 110 realized by performing vari- 
ous steps of an embodiment of a method for affixing 
spacers in a flat panel display in accordance with the 
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present invention. Structure 110 includes spacer 102 
and two metallic compliant members 112. which are 
affixed to bonding layer 108 of spacer 102 via metal-to- 
metal bonds. In other embodiments of the present 
invention, only one metallic conpliant member, or more 
than two metallic compliant members, may be 
employed. Metallic compliant members 112 include a 
metal having a low yield strength, thereby providing a 
material having suitable compliance to provide uniform 
spacing between the display plates of the flat panel dis- 
play, as will be desaibed in greater detail below. Metal- 
lic conpliant members 1 12 also have a geometry which 
facilitates metal -to-metal bonding. The geometry of 
metallic compliant members 1 12 affects the amount of 
force required to create metallic t)onds formed with 
them; it also affects the yield rate of metallic compliant 
members 112. a favorable value for which will provide 
the desired compliance of metallic compliant members 
112. In this particular embodiment, metallic compliant 
members 112 include essentially spherical balls. The 
use of essentially round wire or spherical balls is bene- 
ficial since these shapes result in a bonding force which 
is low and can prevent breakage of spacers 102 during 
bonding steps, and the yield force, or force sufficient to 
cause plastic deformation, is low enough to provide suf- 
ficient deformation of metallic conpliant members 112 
to accommodate the height tolerances typically encoun- 
tered in members 104. In this particular embodiment, 
metallic compliant members 112 are made from a gold 
alloy which includes 1-2% palladium. In other embodi- 
ments of a method in accordance with the present 
invention, metallic compliant members 112 are made 
from essentially pure gold. When a ball is detached from 
the wire during ball-bonding, a break-off tail is formed. 
The gold-palladium alloys provides the benefit of a 
break-off tail which is more uniform and breaks just 
above the ball. In this particular embodiment, metallic 
compliant members 1 12 are formed on. and bonded to, 
bonding layer 108 by using one of a number of standard 
gold ball-bonding machines, such as those produced by 
Hytrand. K&S. and Hughes. The gold is supplied via 0.7 
mil gold wire, such as supplied by Hydrostatics or Amer- 
ican Fine Wire. The standard gold wire bonding equip- 
ment is used to place gold balls on bonding layer 108 
and affixed by one of various metal compression bond- 
ing techniques. Gold has a suitably low yield strength so 
that compliance is achieved without breaking spacers 
102. Metallic compliant members 112 include gold balls 
having diameters of about 75 micrometers so that they 
will be accommodated, in their post-bonding geometry, 
within the available space between pixel rows of a dis- 
play plate of a field emission display. In other embodi- 
ments of the present method, ball bonds having 
differing sizes are used, depending on the dimensions 
of the available space for bonding. The size of the ball 
may be varied by varying the diameter of the wire from 
which the balls are made. 

In other embodiments of a method in accordance 
with the present invention, metallic compliant members 



112 include deposits of metal being formed on mem- 
bers 104. The deposits can be shaped hemispherically 
or in an otherwise similarly shaped pedestal. The ped- 
estals can be deposited by selectively electroplating 

5 gold onto a bonding layer. The bonding layer includes 
an adhesion layer which is formed on the edge of mem- 
ber 104 and a seed layer which is formed on the adhe- 
sion layer. The adhesion layer includes a suitable metal 
such as titanium, and the seed layer is made from a suit- 

10 able seeding material such as gold. Metallic conpliant 
members 112 can also include metal structures grown 
on edges 106 by selectively plating a metal via electro- 
less plating solutions. Metallic compliant members 112 
can also be provided by shadow mask deposition or by 

15 a patterned etch process. 

Refenring now to FIGs. 3 and 4 there are depicted 
isometric and cross-sectional views, respectively, of a 
portion of a standard anode 120 for a fiekJ emission dis- 
play. Anode 120 includes a transparent plate 122. which 

20 is typically made of glass. Anode 120 further includes a 
plurality of pixels 124 which include depK)sits of a light- 
emitting material, such as a cathodoluminescent mate- 
rial, or phosphor. Pixels 124 are arranged in an array 
including rows and columns. A plurality of regions 126 

25 exist between the rows and columns of pixels 124. 
Regions 126 are available for making physical contact 
with spacers so that a predetermined spacing can be 
maintained between anode 1 20 and the cathode display 
plate, without interfering with the light-emitting function 

30 of the display FIG. 4 depicts a cross-sectional view of 
anode 120. taken through one of pixels 124. Typically, 
anode 120 includes layers 127. 128. 129 being formed 
on its inner surface. Layer 127 includes chromium 
oxide; layer 128 includes chromium; and layer 129 

35 includes a thin layer of aluminum which is about 700 
angstroms thick and which senses as an optical reflec- 
tor. A metallic compliant member which includes a wire 
of aluminum can be ultrasonically bonded to layers 1 28 
and 129. However, metallic compliant members 112, 

40 including the gold balls, do not bond adequately to layer 
129 via thermocompression techniques; layer 129 does 
not have sufficient thickness for forming a thermocom- 
pression metallic bond with metallic conpliant members 
112. However, if the metallic connptiant members 

45 include aluminum wire, they can be ultrasonically 
bonded to layer 1 29. The disadvantage of this method is 
that wire ends can be left hanging in the display enve- 
lope. Additionally, layer 129 is not included in all field 
emission displays; it is only included in high-voltage fiekJ 

50 emission displays which can withstand the loss of elec- 
trical potential that occurs when emitted electrons 
traverse layer 129 before arriving at the phosphors 
deposits. In order to affix structure 110 of FIG. 2 to the 
anode of a field emission display, standard anode 120 

55 requires modifications, which are described in greater 
detail below with reference to FIGs. 5 and 6. 

Referring now to FIG. 5. there is depicted an iso- 
metric view of a modified anode 1 30 realized by per- 
forming various steps of an embodiment of a method for 
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affixing spacers 102 in a flat panel display, in accord- 
ance with the present invention. Modified anode 130 
includes a plurality of metallic bonding pads 132, which 
are disposed between pixels 1 24 at the locations where 
spacers 102 are to be affixed. An adequate layout of s 
spacers 102 throughout the field emission display Is 
predetermined to provide sufficient structural support 
between modified anode 1 30 and the cathode plate. In 
this particular embodiment, metallic bonding pads 132 
include strips of aluminum being deposited between jo 
rows of pixels 124. Also, modified anode 130 includes 
transparent plate 122 being made from a glass plate 
having a thickness of 1.1 millimeter so that the pitch of 
metallic bonding pads is about 15 millimeters. Transpar- 
ent plates having other dimensions may be used, 75 
thereby requiring different spacer layouts. Metallic 
bonding pads 132 are deposited by one of a number of 
suitable deposition methods, such as sputtering while 
providing a suitable mask. Metallic bonding pads 132 
have a thickness of about 2 micrometers and a width of 20 
about 100 micrometers. 

Referring now to FIG. 6 there is depicted a cross- 
sectional view, similar to FIG. 4, of an anode 140 real- 
ized by performing various steps of another embodi- 
ment of a method in accordance with the present 25 
invention. In this particular embodiment, a metallic 
bonding pad 1 42 is disposed at all regions 1 26, so that 
metallic compliant members 112 can be bonded any- 
where within regions 126 between pixels 124. Anode 
140 is made by first depositing upon transparent plate 30 
122 a layer of chromium oxide, a layer of chromium, 
and, then, depositing a layer of aluminum having a 
thickness of about 10,000 Angstroms. Then, holes are 
formed, using etching techniques, through the chro- 
mium oxide, chromium, and aluminum layers at the 35 
desired locations for the phosphor deposits of pixels 
124, thereby providing layers 127, 128, and metallic 
bonding pad 142. In high-voltage field emission dis- 
plays, layer 1 29, including a thin layer of aluminum hav- 
ing a thickness of about 700 angstroms, is tiien 40 
deposited over the entire inner surface. Metallic bonding 
pad 142 must be thick enough so that metallic compliant 
members 112 of structure 110 (FIG. 2) can form a suit- 
able metallic bond with metallic bonding pad 142. In an 
another embodiment of a method in accordance with 45 
the present invention, a metallic tx)nding pad can be 
applied by utilizing the selective deposition mask used 
for depositing tiie chromium of layer 1 28. 

Referring now to FIG. 7, there is depicted an iso- 
metric view of a structure 150 realized by affixing sev- so 
eral of structures 110 (FIG. 2) to a portion of modified 
anode 130 (FIG. 5) by performing various steps of an 
embodiment of a method for affixing spacers in a flat 
panel display in accordance witii the present invention. 
Within structure 150, metallic compliant members 112 ss 
are affixed to portions of metallic bonding pads 132. 
thereby affixing spacers 102 to modified anode 130, so 
that spacers 102 remain in a perpendicular orientation 
with respect to the inner surface of modified anode 1 30 



during subsequent packaging steps in the fabrication of 
the flat panel display. The metallic bond between metal- 
lic compliant members 112 and metallic bonding pads 
132 can be formed by one of a number of standard 
metal-to-metal bonding techniques, such as thermo- 
compression bonding, thermosonic bonding, ultrasonic 
bonding, and the like. In this particular embodiment, a 
thermocompression bonding machine is used. Sti'uc- 
tures 1 10 are placed in a heated fixture wherein a vac- 
uum is used to hold structures 1 10 in a perpendicular 
orientation with respect to modified anode 130 and to 
place metallic compliant members 112 in physical con- 
tact with metallic bonding pads 132, thereby providing a 
compliant region 152, which includes metallic compliant 
member 112, metallic bonding pad 132. and bonding 
layer 108 at a given contacting site between metallic 
compliant members 112 metallic bonding pads 132. 
The metal -to-metal bonding between metallic compliant 
members 112 and metallic bonding pads 132 is per- 
formed at elevated temperatures. The maximum value 
of the elevated temperature is within a range of 20-500 
degrees Celsius. In tiiis particular embodiment, the 
maximum temperature is about 350 degrees Celsius. A 
bonding force is applied between metallic compliant 
members 112 and metallic bonding pads 132. This is 
done by applying a load to opposed edge 109 of struc- 
ture 1 10, as indicated by the downward-pointing arrows 
in FIG. 7. A suitable load includes a mass which pro- 
vides about 80-350 grams per ball-bond; in this particu- 
lar embodiment, this results in a load of about 160-700 
grams per structijre 110. In this particular embodiment, 
structures 110 are individually attached. The tempera- 
ture and force conditions specified above are easily 
withstood by member 104. The value of the txjnding 
force depends upon tending area and is readily deter- 
mined by one skilled in the art. The calculation is based 
upon tine particular geometry of the metallic compliant 
members and the bonding area. Concurrent with tiie 
application of the bonding force, compliant regions 1 52 
are heated, thereby deforming compliant regions 152 
and forming metal-to-metal bonds. The deformation at 
the points of physical contact between metallic conpli- 
ant members 1 12 and metallic bonding pads 132 cause 
surface oxides on the aluminum to be broken, allowing 
bonding between the gold and aluminum metals. In 
otiier embodiments of the present method, the metals 
ennployed do not exhibit surface oxidization, so tiiat the 
deformation requirement is not as important as for this 
particular embodiment. In yet otiier embodiments of the 
present method, ultrasonic or thermosonic bonding can 
be employed, wherein eltiier structure 110 or modified 
anode 130 is clamped to an ultrasonic horn which 
vibrates at about 60 kHz during the contacting step. 
Given the above values for the temperature and bond- 
ing force, the bonding time is about 5-10 seconds, upon 
application of the full bonding force. After tills bonding 
time has elapsed, the vacuum hold is released and the 
bonding force, or load, is retracted. Each subsequent 
spacer 102 is similarly attached. Uniformity among 
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spacers 102 of the height between opposed edge 109 
and the inner surface of modified anode 130 can be 
achieved during the process for bonding structure 110 
to modified anode 130. This Is done by gauging the dis- 
tance between opposed edge 109 and the inner surface 
of modified anode 130 during the bonding step, and 
retracting the applied load when a predetermined value 
of the distance is realized. Then compliant region 152 is 
allowed to cool to ambient temperature, thereby harden- 
ing compliant region 152 so that it retains its plastically 
deformed configuration throughout subsequent display 
fabrication steps. In the prefen-ed embodiment, uniform- 
ity of this distance is achieved during subsequent fsack- 
aging steps in the assembly of the display, as will be 
described in greater detail below with reference to FIG. 
8. The compliance of compliant regions 1 52 allows the 
accommodation of tolerances in the heights of mem- 
bers 104 and the accommodation of fine particulates 
lodged between the edges of members 104 and the dis- 
play plates, while providing uniform spacing between 
the display plates. 

Referring now to FIG. &, there is depicted a ctoss- 
sectional view of a portion of a field emission display 
160 realized by performing various steps of an embodi- 
ment of a method upon structure 150 of FIG. 7 in 
accordance with the present invention, fn this particular 
embodiment, structures 110 are affixed to modified 
anode 130, without deliberately providing, during the 
bonding step, the requisite uniformity in the distance 
between opposed edges 1 09 and the inner surface of 
modified anode 130. This uniformity is achieved during 
packaging steps subsequent to the spacer affixation 
steps. Field emission display 160 is fabricated by first 
forming structure 150 wherein compliant regions 152 
have been deformed, but not fully compressed, and 
members 104 remain upright on modified anode 130. 
Then, a cathode 164 is positioned to oppose modified 
anode 130, and a plurality of side walls 162 are pro- 
vided between modified anode 130 and cathode 164 at 
their perimeters so that an envelope 165 is formed. 
Spacers 102 are contained in envelope 165. Cathode 
164 includes a plurality of field emitters 166, which are 
schematically represented in FIG. 8. Field emitters 166 
are in registration wrth pixels 124 of modified anode 130 
so that, during the operation of field emission display 
160, electrons emitted from field emitters 166 are 
received by pixels 124. For ease of understanding, only 
two spacers 102 are illustrated in FIG. 8, and the dis- 
tances, h, and ha, between each of their opposed 
edges 109 and the inner surface of modified anode 130 
differ, thereby representing the variation that exists in 
this distance when a predetermined number of spacers 
102 are affixed to modified anode 130 in the manr\er 
described with reference to FIG. 7. In this configuration, 
cathode 164 is in abutting engagement with only a por- 
tion of spacers 102. The weight of cathode 1 64 is there- 
fore not uniformly loaded over spacers 102. and. If 
envelope 165 were to be evacuated, the differential 
pressure thereby created would not be uniformly loaded 



over spacers 102. This would cause stress risers in 
modified anode 130 and/or cathode 164 as well as in 
spacers 102, The stress risers make field emission dis- 
play 160 susceptible to breakage. In order to provide 

5 uniform loading over spacers 1 02, field emission display 
160 is heated to a temperature between 250-500 
degrees Celsius by, for example, placing field emission 
display 160 on a heated chuck or in an oven. Then, a 
suitable deforming load is provided by the weight of 

10 cathode 164, by the differential pressure created upon 
evacuation of envelope 165, and/or by an additional 
mass being loaded upon cathode 164. The deforming 
load is indicated by arrows in FIG. 8. The deforming 
load causes spacers 102 which are initially touching 

15 cathode 1 64 to be pushed into their corresponding com- 
pliant regions 152, which have been softened by the 
elevated temperature conditions. These compliant 
regions 152 are thereby plastically deformed until spac- 
ers 102, which had not initially made physical contact 

20 with cathode 1 64, are in abutting engagement with cath- 
ode 164 at their edges 109. Also, due to deflection of 
modified anode 130 and/or cathode 164, some spacers 
102 will initially bear a greater load than others. These 
spacers 102 which initially bear a greater load will be 

S5 pushed to a greater extent, resulting in less pronounced 
deflection of the display plates. It will be noted that the 
number, and layout .of spacers 1 02 is predetermined so 
that given a uniform distance among all of spacers 102 
between opposed edges 1 09 and the inner surface of 

30 modified anode 130, spacers 102 adequately bear the 
differential pressure across field emission display 160, 
and spacers 102 prevent deleterious, excessive deflec- 
tion of modified anode 130 and cathode 164. For display 
plates including glass tiiat is 1.1 mm thick, a spacer 

35 pitch of about 15 mm is believed to be a suitable layout. 
For a 10-inch diagonal display a suitable number of 
spacers 102 is within a range of about 100-200. The 
geometry as well as tine material properties of compliant 
regions 152 allow plastic deformation to a suitable 

40 extent to provide physical contact between the inner 
surface of catiiode 164 and edges 109 of all of mem- 
bers 104, while preventing the spread of material over 
pixels 124. In tills particular embodiment, as metallic 
compliant members 1 12 progress from a quasi-spheri- 

45 cal shape to a flattened ball, the required applied force 
to achieve a given amount of compression increases. 
The behavior of compliant regions 152 is such tiiat com- 
pression, or plastic deformation, ceases after all of 
edges 109 are in abutting engagement with the inner 

so surface of catiiode 164 and when modified anode 130 
and cathode 164 no longer exhibit deleterious, exces- 
sive deflection in order to make this contact with spac- 
ers 102. The low yield stress of gold and the ease of 
deformation due to the spherical shape of metallic com- 

55 pliant member 1 12. provide a low yield force for a given 
temperature. The temperature is then conti-olled to 
achieve tiie final configuration described above. This 
behavior is in contrast to tinat of glass frit or of glass or 
ceramic spacers themselves, which do not yield ade- 



6 



11 



EP 0 814 491 A2 



12 



quately to accommodate the height tolerances in the 
spacers. The uniform loading of spacers 102 can be 
achieved prior to the evacuation of envelope 1 65 or dur- 
ing the evacuation of envelope 165. 

Referring now to FIG. 9. there is depicted a cross- s 
sectional view, similar to FIG. 8, of a field emission dis- 
play 167. which includes all the elements of field emis- 
sion display 160 of FIG. 8. Field emission display 167 
further includes a plurality of metallic bonding pads 168, 
which are formed on cathode 164. arxJ a plurality of io 
metallic compliant members 169, which are affixed to 
metallic bonding pads 168 in a manner similar to the 
bonding between metallic compliant members 112 and 
metallic bonding pads 132. Metallic compliant members 
169 are placed in physical contact with edges 109 of is 
members 104; no bonding layer is required on edge 109 
and no bond is required between edge 109 and metallic 
compliant member 1 69. Metallic compliant member 1 69 
provides compliance between member 104 and cath- 
ode 164 and prevents the breakage and chipping of 20 
member 104 and/or the display plates. In another 
embodiment of a flat panel display in accordance with 
the present invention, a metallic compliant member 
includes a layer of metal being deposited on the regions 
of the Inner surface of one of the display plates with 25 
which the uncoated edge of member 104 makes con- 
tact. The layer of metal includes a compliant metal, such 
as aluminum or gold, and has a thickness of at least 1 
micrometer to provide adequate compliance. Member 
1 04 is held upright by other means at the edge opposite 30 
the uncoated edge, and the compliant metal layer is 
placed in abutting engagement with the uncoated edge, 
thereby reducing stress risers which can otherwise 
occur due to the contact between the hard, uncoated 
edge of member 104 and the hard surface of the abut- 35 
ting display plate. Stress risers are common because 
these surfaces/edges are typically not completely flat or 
smooth. 

Referring now to FIG. 10, there is depicted a cross- 
sectional view of field emission display 160 of FIG. 8 40 
after the step of equalizing the distances h^ and hg. 
When cathode 1 64 is in abutting engagement with all of 
opposed edges 109 of spacers 102, the differential 
pressure across field emission display 160, represented 
by arrows in FIG. 10, is uniformly loaded over spacers 45 
102. After connpliant regions 152 are cooled and hard- 
ened into the configurations which provide the uniform 
loading, a plurality of load transmission regions 168 are 
provided at the locations of conrpliant regions 152. 
Because the metals of load transmission regions 168 so 
are not brittle, they do not contribute to particulate for- 
mation within field emission display 1 60. 

In other embodiments of a method in accordance 
with the present invention, spacers 102 are affixed to 
cathode 1 64. The steps of these embodiments are sim- 55 
itar to those described above with reference to affixation 
of spacers 102 to modified anode 130. However, the 
elevated-temperature bonding, such as thermocom- 
pression or thermosonic bonding, must be performed in 



a vacuum In order to prevent the oxidation of the 
gate/extraction metal and the oxidation of field emitters 
1 66. which are typically made from molybdenum. Other 
metal-to-metal bonding techniques, such as ultrasonic 
bonding, can be employed to prevent oxidation of field 
emitters 166 during the affixation of spacers 102 onto 
cathode 164. 

Referring now to FIG. 1 1 , there is depicted an iso- 
metric view, similar to FIG. 2, of a structure 170 realized 
by performing various steps of another embodiment of a 
method in accordance with the present invention. Struc- 
ture 170 includes member 104, bonding layer 108. and 
a metallic compliant member 172 which includes a 
length of metal wire being made from a compliant metal, 
such as gold or aluminum. The length of wire has a 
diameter within a range of 10-100 micrometers. Metallic 
compliant member 172 is affixed to bonding layer 108 
by using standard wire-bonding techniques. Then, to 
make a field emission display, structure 170 is affixed to 
modified anode 130, in a manner similar to that 
described with reference to FIGs. 7-9. 

In other embodiments of a method in accordance 
with the present invention, the metallic compliant mem- 
ber is first bonded to the inner surface of one of the dis- 
play plates, and then the spacer, having the bonding 
layer formed thereon, is bonded to the metallic compli- 
ant member. Illustrated in FIG. 12 is an isometric view of 
a portion of a structure 180 realized by performing vari- 
ous steps of one such embodiment. Structure 180 
includes a modified anode 182 having a plurality of 
metallic bonding pads 184. which are provided in a 
manner similar to that described with reference to FIGs. 
5 and 6. Adjacent metallic bonding pads 1 84. if in the 
form of discrete strips, are about 3-4 mm apart in order 
to accommodate spacers 102 which are about 5 mm 
long and are positioned perpendicularly with respect to 
metallic bonding pads 184. After metallic bonding pads 
184 are formed on modified anode 182. a plurality of 
metallic compliant members 186, including lengths of 
gold or aluminum wire, are bonded by a metal bonding 
technique, such as thermocompression. to metallic 
bonding pads 184. During this step a plurality of com- 
pressed regions 188 are formed in metallic compliant 
members 186. Then, bonding layer 108 of spacer 102 is 
placed in abutting engagement with metallic compliant 
members 186 at locations 189 which are not com- 
pressed. Locations 189 are more favorable for bonding 
because of the greater degree of curvature. Spacer 102 
is then bonded to metallic compliant members 186 in a 
similar manner as described with reference to FIG. 7. 

Referring now to FIGs. 12-15, there are depicted 
isometric and cross-sectional views of structures real- 
ized by performing various steps of another embodi- 
ment of a method for affixing a plurality of spacers 202 
within a field emission display 260 in accordance with 
the present invention. Referring now to FIG. 13. there is 
illustrated a portion of a modified anode 230 having a 
plurality of metallic bonding pads 232 being formed 
thereon, between a plurality of pixels 224. Metallic 
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bonding pads 232 are made from aluminum. A plurality 
of metallic conpliant members 212. including gold balls, 
are affixed to metallic bonding pads 232 by using stand- 
ard gold ball-bonding equipment. Referring now to FIG. 
14 there is depicted the affixation of spacers 202 to 
modffied anode 230 at metallic compliant members 212. 
Field emission display 260, a portion of which is 
depicted in FtG. 14, includes a cathode 264 on which 
spacers 202 have been previously formed. Several 
methods exist for forming spacers 202 on cathode 264. 
One such scheme is disclosed is US patent No. 
5,232.549 issued Aug. 3, 1993. which is hereby incor- 
porated by reference. The method described therein 
includes forming a patterned layer of aluminum on an 
insulator layer which has been deposited on the inner 
surface of cathode 264. The aluminum defines configu- 
ration of spacers 202. After spacers 202, which may 
include posts, are formed by laser ablation of the insula- 
tor layer, the aluminum remains on the tops of spacers 
202. In this particular embodiment of a method in 
accordance with the present invention, this residual 
layer of aluminum comprises a bonding layer 208 to 
which metallic compliant members 212 are bonded by. 
for example, thermocompression in a vacuum environ- 
ment. In this particular embodiment, the present 
method primarily provides compliance to achieve uni- 
form loading in a manner similar to that described with 
reference to FIGs. 8 and 9; this particular embodiment 
is not providing the perpendicularity of spacers 202 with 
respect to modified anode 230 and cathode 264. Con- 
siderations, such as materials, spacer geometry, and/or 
alignment, may make such an embodiment desirable. 
Referring now to FIGs. 14 and 15. there are depicted 
cross-sectional views, similar to those of FIGs. 8 and 9, 
of field emission display 260. during the steps of provid- 
ing uniform loading of spacers 202. in a manner similar 
to that described with reference to FIGs. 8, 9 and result- 
ing in a load transmission region 268 at each of spacers 
202. In another embodiment of the present invention, 
spacers 202 do not have bonding layer 208 formed ther- 
eon, and metallic compliant members 212 are placed in 
abutting engagement with the upper edges of spacers 
202 to provide compliance between spacers 202 and 
modified anode 230. in a manner analogous to the com- 
pliance provided between metallic compliant members 
169 and members 104 as described with reference to 
FIG, 9. 

Referring now to FIG. 17, there is depicted a cross- 
sectional view of a structure 350 realized by performing 
various steps of another embodiment of a method for 
affixing a pJuraJity of spacers 302 within a flat panel dis- 
play. Structure 350 includes a modified anode 330 hav- 
ing deposited thereon a plurality of metallic bonding 
pads 332 being made of a suitable metal such as alumi- 
num and having a thickness of about 1 micrometer. 
Spacers 302 include a member 304 being made from a 
suitable dielectric material, such as ceramic. Each of 
spacers 302 has a bonding layer 308 being deposited 
on one edge, including a suitable ttonding metal, such 



as gold, and having a thickness of about 1 micrometer. 
Bonding layer 308 is bonded to metallic bonding pad 
332 by a suitable metal bonding technique, such as 
thermocompression. including the application of a 

5 bonding force, as represented by an arrow in FIG. 17. 
and concurrent heating to a temperature within a range 
of 20-500 degrees Celsius. In this particular embodi- 
ment of the present method, spacers 302 have a highly 
uniform height. The uniformity is good enough that very 

10 little compliance is required, and the metal-to-metal 
bonding affixes spacers 302 to modified anode 330 so 
that spacers 302 retain their perpendicularity with 
respect to modified anode 330 during subsequerrt pack- 
aging steps of the display 

IS 

Claims 

1. A method for affixing a plurality of spacers (302) 
within a flat panel display having first and second 

20 display plates (330), the method including the steps 
of: 

providing a plurality of members (304), the plu- 
rality of members (304) having a uniform height 

25 within a range of 0.5-3 millimeters, having a 

width within a range of 25-250 micrometers, 
being made from a dielectric material, and hav- 
ing first and second edges; 
coating the first edge of each of the plurality of 

30 members (304) with a metal to provide a bond- 

ing layer (308); 

forming a metallic t>onding pad (332) on an 
inner surface of the first display plate (330); . 
physically contacting the bonding layer (308) 

35 with the metallic bonding pad (332); and 

applying pressure between the bonding layer 
(308) and the metallic bonding pad (332) 
thereby forming a metallic bond between the 
bonding layer (308) and the metallic tx)nding 

40 pad (332). 

2. A method for affixing a plurality of spacers (302) as 
claimed in claim 1 further including the step of heat- 
ing the bonding layer (308) and the metallic bonding 

45 pad (332) to a temperature within a range of 20-500. 
degrees Celsius, the step of heating occurring con- 
current with the step of applying pressure. 

3. A method for affixing a plurality of spacers (102, 
so 202) within a flat panel display (1 60, 167, 260) hav- 
ing first and second display plates (130, 164). the 
method including the steps of: 

providing a plurality of members (104), the plu- 
55 rality of members (104) having a uniform height 

within a range of 0.1-3 millimeters, having a 
width within a range of 25-250 micrometers, 
being made from a dielectric material, and hav- 
ing first and second edges; 
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coating the first edge of eacli of the plurality of 
members (104) with a metal to provide a first 
bonding layer (108, 208); 
forming a metallic bonding pad (132, 142, 184, 
232) on an inner surface of the first display 5 
plate (130); 

providing a metallic compliant member (112, 
172. 186. 212); 

forming a first metallic bond between the metal- 
lic compliant member (112, 172, 186. 212) and io 
the first bonding layer (108, 208); and 
forming a second metallic bond between the 
metallic compliant member (112, 172. 186. 
212) and the metallic bonding pad (132. 142. 
184.232) 75 
thereby providing a compliant region (152) 
between the first edge and the inner surface of 
the first display plate (130). 

4. A method for affixing a plurality of spacers (102, 20 
202) as claimed in claim 3 wherein the first bonding 
layer (108. 208) is made from a metal being 
selected from a group consisting of gold and alumi- 
num. 

25 

5. A method for affixing a plurality of spacers (102, 
202) as claimed in claim 3 wherein the metallic 
bonding pad (132, 142. 184. 232) is made from a 
metal being selected from a group consisting of 
gold and aluminum. 30 

6. A method for affixing a plurality of spacers (102, 
202) as claimed in claim 3 wherein the metallic 
compliant member (112. 172, 186, 212) is made 
from a metal being selected from a group consisting 35 
of gold and aluminum. 

7. A method for affixing a plurality of spacers (102, 
202) as claimed in claim 3 wherein the dielectric 
material of the plurality of members (104) is 4o 
selected from a group consisting of ceramic, glass- 
ceramic, glass, and quartz. 

8. A method for affixing a plurality of spacers (1 02) as 
claimed in claim 3 further including the steps of: 45 



the second edge (109) and the inner surface of 
the second display plate (164). 

9. A flat panel display (160. 167, 260) including: 

a first display plate (164, 264) having an inner 
surface; 

a second display plate (130. 230) having an 
inner surface opposing and being spaced apart 
from the inner surface of the first display plate 
(164. 264); 

a spacer (102, 202) having first and second 
edges, the first edge physically contacting the 
inner surface of the first display plate (164, 264) 
so that the spacer (102, 202) is disposed per- 
pendicularly with respect to the first display 
plate (164, 264), the spacer (102, 202) having 
a height within a range of 0.1-3 millimeters and 
a width within a range of 25-250 micrometers; 
and 

a metallic compliant member (112, 212) being 
disposed between the second display plate 
(130. 230) and the second edge of the spacer 
(102, 202). the metallic compliant member 
(112, 212) physically contacting the spacer 
(102. 202) and the inner surface of the second 
display plate (130. 230). the inner surface of 
the second display plate (130, 230) being 
spaced from the second edge of the spacer 
(102. 202) to provide a spacing of at least 1 
micrometers 

whereby the metallic compliant member 
(112. 212) provides compliance between the 
second display plate (130, 230) and the second 
edge of the spacer (102, 202) and prevents 
chipping and breakage of the spacer (102. 202) 
and of the first and second display plates (1 64. 
264, 130, 230). 

10. Aflat panel display (160. 167. 260) as claimed in 
claim 9 wherein the metallic compliant member 
(112, 212) is made from a metal being selected 
from a group consisting of gold and aluminum. 



providing a second metallic compliant member 
(169); 

forming a second metallic bonding pad (168) 
on an inner surface of the second display plate so 
(164); 

forming a metallic bond between the second 
metallic compliant member (169) and the sec- 
ond metallic bonding pad (168); and 
placing the second metallic compliant mennber 55 
(169) in abutting engagement with the second 
edge (109) of one of the plurality of members 
(104) 

thereby providing a compliant region between 
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